Objective: To examine the association between thyroid function and the components of the metabolic syndrome and insulin resistance in an Hispanic population. Design: Cross-sectional study. Methods: Subjects with no history of thyroid disease or diabetes were included. Thyroid function was stratified as euthyroid or subclinical hypothyroidism (SCH) status and subsequently by free thyroxine (FT 4 ) and TSH tertiles. The association of the metabolic syndrome components (defined by 2004 Adult Treatment Panel III criteria) and insulin resistance with thyroid status, TSH, and FT 4 were examined. Results: A total of 3148 subjects were analyzed. The prevalence of SCH was 8.3%. The prevalence of the metabolic syndrome was similar in euthyroid and SCH patients (31.6 vs 32.06%, PZ0.89). Total cholesterol was higher in patients with SCH (5.51G1.19 vs 5.34G1.05 mmol/l, P!0.032). Serum TSH values showed a positive correlation (adjusted for age and sex) with total cholesterol, triglycerides, and waist circumference. In contrast, FT 4 showed a positive correlation with high-density lipoprotein cholesterol, and an inverse correlation with waist circumference, insulin, and HOMA-IR. Conclusion: SCH is not associated with an increased risk for the metabolic syndrome (as conceived as a diagnostic category defined by the National Cholesterol, Education Program, Adult Treatment Panel III criteria). Despite this, low thyroid function (even in the euthyroid state) predisposes to higher cholesterol, glucose, insulin, and HOMA-IR levels. The combined use of TSH and FT 4 , compared with the assessment based on only FT 4 , is a more convenient approach to evaluate the association between thyroid function and metabolic variables.
Introduction
The existence of a relationship between thyroid dysfunction and cardiovascular mortality has been reported since the 1970s (1) . Several studies have suggested that subclinical hypothyroidism (SCH) increases the risk of cardiovascular disease (2, 3) . SCH is defined as a mild elevation of TSH and normal levels of free thyroid hormones. The association between SCH and individual cardiovascular risk factors has also been explored, with discordant results (4) (5) (6) . Even more controversial is the association between SCH and insulin resistance (7) .
When exploring the relationship between thyroid function and cardiovascular risk factors, most studies have focused on the TSH levels. If free thyroxine (FT 4 ) levels are considered, they are generally used only to define normality. Recently, Ross and coworkers reported a significant association between FT 4 levels and the components of the metabolic syndrome (MS) in euthyroid patients (8) . This observation suggests that both TSH and FT 4 should be considered when assessing the relationship between the metabolic syndrome traits and hypothyroidism.
Mexico has one of the highest prevalences of the metabolic syndrome, diabetes, obesity, and related diseases in the world (9, 10) . The association of thyroid function with such diseases or syndromes has never been studied in Latin America.
The purpose of this study is to examine the association between thyroid function and the components of the metabolic syndrome and insulin resistance in an Hispanic population.
Methods
This is a cross-sectional survey carried out in five states of central Mexico. Study subjects were recruited from the general population and employees of the government health services. The inclusion criteria included all clinically healthy adults aged between 18 and 70 years. We excluded all individuals with a history of thyroid disease: this included previously diagnosed overt hypothyroidism or hyperthyroidism, thyroid cancer or thyroid nodules, individuals with a current or past history of thyroid hormone intake, and those with a history of thyroid surgery or radioiodine intake. In the same way, individuals with diabetes, cardiovascular disease, cerebral vascular disease, amputations, pregnancy, corticosteroid use, active liver disease, and renal dysfunction, including nephrotic syndrome, were excluded.
Written informed consent was obtained from all study participants. A standardized questionnaire was applied which included questions regarding demographic information, personal and family medical history. The existence of thyroid disease was explored specifically in an eight-item section of the questionnaire. Fasting blood samples (9-12 h fast) were obtained. Anthropometric measurements were taken in a standardized manner. The blood pressure was taken using a mercury sphygmomanometer with the subjects seated for 5 min prior to measurement. A daily calibrated digital scale and stadimeter were used to measure body weight and height. The waist circumference was measured midway between the lower rib margin and the iliac crest in the horizontal plane with the patient standing.
All blood samples were analyzed in the laboratory of the Endocrinology and Metabolism Department of the National Institute of Medical Sciences and Nutrition, Mexico City. Analysis of the glucose and lipid samples was carried on the same day as blood sampling. Serum from each study subject was stored at K70 8C for later analysis.
Laboratory measurements
Biochemical variables were measured using commercial kits: glucose (Glu Synchron CX, Beckman Systems, Fullerton, CA, USA), triglycerides (TG Synchron CX, Fullerton, CA, USA), high-density lipoprotein (HDL) cholesterol (HDLD Synchron CX, Fullerton, CA, USA), insulin (INSULIN Abbot AXSYM System), total cholesterol (CHOL Synchron CX, Fullerton, CA, USA), TSH (hTSH RIA-gnost, Bagnols/Cèze, France), and FT 4 (RIAgnost, Cisbio, Bagnols/Cèze, France). Low-density lipoprotein (LDL) cholesterol estimation was performed using the Friedewald formula (LDLZtotal cholesterolK (HDLKtriglycerides/5)), and HOMA-IR was calculated using the following formula: (Glucose (mmol/l)! insulin (mU/ml))/22.5 (11) .
Definitions
Euthyroidism was defined as an FT 4 level between 10 and 25 pmol/l with a TSH level between 0.25 and 4.5 mUI/l. SCH was defined as a TSH level R4.5 mIU and %10 mIU/l, with an FT 4 value between 10 and 25 pmol/l. Subclinical hyperthyroidism was defined as a TSH level %0.25 mUI/l with an FT 4 level between 10 and 25 pmol/l. Overt hypothyroidism was defined as a TSH level R10 mIU/l independent of the FT 4 value. Suppressed TSH concentrations were defined as TSH levels %0.25 mUI/l.
The components of the metabolic syndrome were defined in accordance with the National Cholesterol, Education Program, Adult Treatment Panel III criteria (NCEP/ATPIII); abdominal obesity (waist circumference in men was R40 in and in women was R35 in), hypertriglyceridemia (triglycerides R1.7 mmol/l), low HDL cholesterol (HDL cholesterol in men was %1.03 mmol/l and in women was %1.3 mmol/l), elevated arterial blood pressure (blood pressure R135 systolic and/or R85 mmHg diastolic), and abnormal fasting glucose (blood glucose R5.6 mmol/l). The metabolic syndrome was diagnosed in the presence of three or more of these factors.
Statistical analysis
The descriptive analysis was performed using means and S.D. for continuous variables. Qualitative variables were expressed as percentages. Means comparison was performed using the Student's t-test for quantitative variables with a normal distribution and with the Mann-Whitney U test for those with skewed distribution. The c 2 test was used to compare proportions in qualitative variables. FT 4 levels were stratified using tertiles: tertile I (10.00-13.51 pmol/l), tertile II (13.52-16.72 pmo/l), and tertile III (16.73-25 .00 pmol/l). TSH levels were also stratified using tertiles: tertile I (0.25-1.71 mU/l), tertile II (1.72-2.68 mU/l), and tertile III (2.69-9.9 mU/l). When more than two groups were compared, ANOVA analysis was carried out with the Tukey test for normally distributed variables and Kruskal-Wallis for non-normally distributed data. The correlation of continuous variables adjusted for age and sex was calculated using multiple linear regression models. Variables with a skewed distribution were transformed to their natural logarithm to optimize the models. The association between the metabolic syndrome components and the FT 4 tertiles I and III and TSH tertiles III and I was evaluated using odds ratios (ORG95% confidence interval (CI)) adjusted for age and sex with logistic regression models. Statistical tests were performed using SPSS version 12 for Windows, Chicago, IL, USA.
Results
FT 4 and TSH were measured in 3148 patients. Overt thyroid disease and suppressed TSH concentrations were found in 115 patients; these were excluded from the final analysis. Therefore, the study cohort consisted of 3033 patients, 1552 women (51.2%) and 1481 men (48.8%). The mean age was 42.3G10 years, the mean body mass index (BMI) was 28.7G4.6 kg/m 2 , and the mean waist circumference was 97.6G10 cm. The prevalence of overweight and obesity (BMI O25 kg/m 2 ) was 78.9%. A BMI O40 kg/m 2 was present in 1.9% of the population. The prevalence of SCH in the study group was 8.3% (7.1% of men and 10.1% of women, PZ0.004). The mean TSH level was 2.49G1.42 mU/l, and the mean FT 4 was 15.43G3.64 pmol/l.
SCH and the metabolic syndrome
The prevalence of the metabolic syndrome was similar in euthyroid and SCH subjects, 31.6 vs 32.06% (PZ0.89) respectively. The prevalence of the components was also similar in both groups (Table 1) .
There was no significant difference in the mean values for each of the components of the metabolic syndrome and insulin resistance surrogate markers in euthyroid and SCH subjects ( Table 2 ). Only total cholesterol was significantly higher in SCH subjects compared with euthyroid participants (5.51G1.19 vs 5.34G1.05 mmol/l, P!0.032 respectively). The OR for hypercholesterolemia (defined as total cholesterol O5.2 mmol/l), when adjusted for age and sex in SCH subjects was 1.35 (95% CI 1.06-1.70), P!0.034.
Associations between the metabolic variables and TSH and FT 4 concentrations in the total study sample
Serum TSH values showed a positive correlation (adjusted for age and sex) with total cholesterol, LDL cholesterol, triglycerides, waist circumference, systolic blood pressure, insulin, and HOMA-IR (Table 3) . When adjusted for BMI, age, and gender, the correlation remained significant for triglycerides (bZ0.077, P!0.001) and total cholesterol (bZ0.070, PO0.001).
In general, FT 4 showed similar correlations as those found for TSH. However, some differences should be mentioned. FT 4 had a positive correlation with HDL cholesterol, and an inverse correlation with waist circumference, glycemia, insulin, and HOMA-IR. When adjusted for BMI, age, and gender, the correlation remained significant for insulin (bZK0.099, P!0.001), HOMA-IR (bZK0.107, P!0.001), and HDL cholesterol (bZ0.093, P!0.001).
Fasting insulin and HOMA-IR changed significantly between FT 4 tertiles; the lower the FT 4 level, the higher the fasting insulin (tertile I 80G49 pmol/l, tertile II 72G48 pmol/l, and tertile III 64G42 pmol/l, P!0. In a multivariate regression model, the relationship of FT 4 with HOMA-IR (bZK0.107, P!0.001) and insulin (bZK0.096, P!0.001) remained significant after adjusting for sex, BMI, age, and TSH values. The same is true for the relationship between TSH and total cholesterol (bZ0.75, P!0.001) and triglycerides (bZ0.77, P!0.001) after adjusting for sex, BMI, age, and FT 4 values.
The agreement between the TSH and FT 4 tertiles was moderate (k 0.71). The individuals in the highest TSH tertile were not the same as those with the lowest FT 4 levels. This feature allowed us to carry out a separate analysis exploring the effect of FT 4 and TSH on several metabolic variables. We compared HOMA-IR and fasting insulin values between FT 4 tertiles in the third of the population with the highest TSH values (tertile III). 
Associations between the metabolic variables and TSH and FT 4 concentrations in euthyroid subjects
In order to assess whether the above-described associations are valid in normal conditions, we repeated the analysis excluding SCH patients. After adjusting for age, gender, and BMI, the association of FT 4 with HDL cholesterol, fasting insulin, and HOMA-IR remained significant (HDL bZ0.068, P!0.0001; fasting insulin bZK0.099, P!0.0001; HOMA-IR bZK0.107, P!0.0001). The association of TSH with total cholesterol and triglycerides also remained significant (total cholesterol bZ0.071, P!0.0001 and triglycerides bZ0.09, P!0.0001). 
Discussion
In this study, we explore the relationship between thyroid function and the components of the metabolic syndrome and markers of insulin resistance in an Hispanic population. The study sample consisted of individuals with no history of thyroid disease or diabetes and a high prevalence of obesity. Individuals with SCH as compared with euthyroid persons had a higher prevalence of hypercholesterolemia. No other difference was encountered between these groups with respect to the components of the metabolic syndrome and insulin resistance markers. As a result, SCH cannot be considered a risk factor for the metabolic syndrome. Despite these findings, FT 4 concentrations showed a negative correlation with waist circumference, fasting insulin, and HOMA-IR and a positive correlation with HDL cholesterol. TSH values, on the other hand, showed a positive correlation (adjusted for age and gender) with total cholesterol, triglycerides, and waist circumference. The relationship between the insulin resistance markers and plasma lipids with FT 4 and TSH levels can be appreciated even if only euthyroid patients are considered. Therefore, the concentration of thyroid hormones appears to influence insulin action and lipoprotein metabolism even in the euthyroid state. Several studies have looked into the possibility of an association between the metabolic syndrome and SCH (12) . Two small studies (13, 14) reported that SCH is a risk factor for the metabolic syndrome (as defined by the International Diabetes Federation). Our data do not confirm this conclusion. The prevalence of the metabolic syndrome (defined using the NCEP/ATPIII criteria) was no different between cases with or without SCH. Our results are in agreement with data published by Kim and coworkers (15) . Reasons for the discrepancy among studies include differing criteria used to define the metabolic syndrome and dissimilar sample size and characteristics of the populations under study. The lack of association between SCH and the metabolic syndrome may result from the differential effect that hypothyroidism has on the various components of the metabolic syndrome. FT 4 showed a positive correlation with HDL cholesterol, and an inverse correlation with waist circumference, systolic blood pressure, glycemia, insulin, and HOMA-IR. However, when the confounding effect of obesity (assessed using the BMI) was controlled, only one component of the metabolic syndrome (i.e. HDL cholesterol levels) remained significantly associated. Other metabolic variables independently associated with either FT 4 or TSH values (i.e. HOMA-IR, insulin, and LDL cholesterol) are not included in the definition of the metabolic syndrome. Our report in contrast to others does not confirm an association between SCH and the metabolic syndrome. This is probably because the confounding effect of obesity was controlled for in the statistical analyses, and a high proportion of persons with obesity were included in both the cases and control groups. The association between hypercholesterolemia and overt or SCH is well established (16) (17) (18) . T 4 is required for the expression of the LDL receptor gene (19) . In our study, there was a significant association between SCH and hypercholesterolemia. In addition, in euthyroid individuals, TSH concentrations were strongly associated with total cholesterol and LDL cholesterol levels. The association between LDL cholesterol and FT 4 was less strong and lost statistical significance after controlling for age, gender, and BMI. We propose that TSH is a better indicator because both LDL cholesterol (through the LDL receptor gene) and TSH levels are strongly determined by tri-iodothyronine-mediated regulation of gene expression. In contrast, the association between FT 4 and LDL cholesterol is influenced by prereceptor, tissue-specific events that modulate the hormonal message.
On the other hand, thyroid hormones influence carbohydrate metabolism, even in the euthyroid state. They regulate hepatic gluconeogenesis, lipogenesis, and lipolysis. Also, thyroid hormones modulate mRNA and protein expression of the glucose transporter 4, AMPactivated protein kinase, and acetyl CoA carboxylase in skeletal muscle (20) . Despite the known actions of thyroid hormones on carbohydrate metabolism, in vivo studies carried out in humans have provided inconclusive results. Stephan et al. determined insulin sensitivity (based on the hyperinsulinemic-euglycemic clamps) in 46 euthyroid patients (21) . No correlation was found between both TSH or FT 4 values and insulin sensitivity. In contrast, in this study, we observed a highly significant association between fasting insulin and HOMA-IR values and FT 4 . Differences in sample size between studies and varying methods for the measurement of insulin may explain the divergent results. The larger sample size of our study may have allowed us to find a significant correlation between FT 4 levels, HOMA-IR, and fasting insulin levels, despite the use of an indirect method for measuring insulin sensitivity. FT 4 had a stronger association with the insulin resistance markers than TSH. The multiple direct and indirect ways by which thyroid hormones regulate carbohydrate metabolism may explain this observation (20, 22) . Thus, FT 4 and TSH provide complementary information for the evaluation of the effects of thyroid hormones on carbohydrate and lipoprotein metabolism.
One limitation of this study is the cross-sectional design. As a result, a cause-effect relationship cannot be established. Furthermore, we did not include thyroid autoantibodies in our assessment. Their inclusion may have been helpful to confirm the existence of a thyroid disorder in cases with high TSH values. This remark is particularly important in individuals with morbid obesity, a condition in which raised serum levels of TSH may be independent of thyroid function (23) .
In summary, this report extends the existing information about the association between the components of the metabolic syndrome and thyroid function in both SCH and the euthyroid state. Our data show that SCH is not associated with an increased risk for the metabolic syndrome (as conceived as a diagnostic category defined by the NCEP/ATPIII criteria). Despite this, low thyroid function (even in the euthyroid state) predisposes to higher cholesterol, glucose, insulin, and HOMA-IR levels. The combined use of TSH and FT 4 is a more convenient approach, compared with the assessment of only FT 4 , to evaluate the associations between thyroid function and metabolic variables.
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